Background: Infection-associated hemophagocytic syndrome (IAHS) is potentially a fatal disease caused by systemic infection complicated by hemophagocyticlymphohistiocytosis (HLH). Here, we report a case of HLH associated with dengue hemorrhagic fever (DHF) after a trip to Thailand.
Introduction
Dengue infection is a mosquito-borne, endemic disease caused by dengue virus in tropical regions. After malaria, dengue fever is considered as the most serious public health problem worldwide. Since the first report in 1995, the number of imported cases has also been increasing with about 200 cases per a year in South Korea [1, 2] . There are 4 distinct dengue virus serotypes, including DEN-1, DEN-2, DEN-3, and DEN-4. Primary dengue infection is generally mild, inducing life-long immunity to the virus serotype but not to the others. Dengue infection by different serotypes of dengue virus has been accepted as the predisposing factor of severe dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS). Here, we report a case of severe primary dengue hemorrhagic fever complicated by hemophagocyticlymphohistiocytosis.
Case report
A 33-year-old healthy female patient presented with fever, myalgia, and skin rash lasting 3 days before visiting Korea University Guro Hospital (Fig. 1) . The patient had a history of trip to Thailand, and she came back to Koreaeight days ago. Except for conjunctiva hemorrhage and mild splenomegaly, the physical findings were unremarkable.
Initial laboratory tests showed mild neutropenia (1251/mL), thrombocytopenia (75,000/mL), elevated level of lactate dehydrogenase (LDH, 1775 IU/L), and elevated levels of alanine aminotransferase (ALT, 116 IU/L) and aspartate transaminase (AST,74 IU/L). Prothrombin time (PT, 13.1 sec) and activated partial thromboplastin time (aPTT, 33.3 sec) were within the normal range. Despite conservative treatment, sustained high fever was observed.
On hospital day 3, the patient appeared lethargic and fever persisted. With suspicion for secondary HLH after dengue infection, diagnostic tests were performed. Although bone marrow examination did not show typical findings of hemophagocytosis, diagnostic criteria of HLH were met: fever, splenomegaly, cytopenia, hypertriglyceridaemia (fasting TG 308 mg/dL), and hyperferritinaemia (ferritin 25,107 ng/mL) ( Table 1) . Intravenous dexamethasone (10 mg/m 2 ) was initiated on day 3 (Fig. 2) . Dengue virus PCR was positive and reported as a serotype 3 on hospital day 8. The dose of dexamethasone was tapered down after 2 weeks of treatment, and all results of blood The authors have no conflicts of interest to disclose.
tests were normalized (Fig. 2) . The patient was discharged from the hospital on hospital day 18 without any sequelae.
Discussion
Most dengue fever cases reported in South Korea are imported from endemic areas such as Southeast and southern Asia. During 2006-2010, all dengue fever cases reported in South Korea were travel associated. The disease spectrum of dengue infection can range from asymptomatic infection to severe dengue in the form dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS). [3] Looking at the pathogenesis of dengue infection, even though primary infection confers durable protection against re-infection by a homologous DENV serotype, secondary infection by viruses of a heterologous DENV serotype occurs frequently in endemic areas and is the single most important risk factor for severe disease. [4] This case was about dengue virus-associated HLH presenting with typical feature such as fever, splenomegaly, cytopenia, coagulopathy, and ferritinemia, meeting 5 of 8 HLH diagnostic criteria. Bone marrow biopsy showed increased number of histiocytes, although typical hemophagocytosis was not observed. It is important to clinically suspect IAHS based on the diagnostic criteria in the HLH-2004 guidelines (Table 1) . Early recognition and diagnosis of HLH might enable physicians to start the steroid treatment in optimal time, leading to better clinical outcome. [5] Although the mechanism of HLH remains unclear, current accepted theory suggests that inappropriately proliferating and activated T-cells may induce macrophage activation with inadequate intracellular killing of phagocytes. [6] Many studies suggested the important roles of perforin and natural killer (NK) cells in the HLH subtypes. [7] [8] [9] Perforin deficiency may impair defenses against intracellular pathogens as demonstrated in animal models, whereas decreased NK cell activity results in increased T-cell activation and expansion with production of large quantities of cytokines (IFN-g, TNF-a and GM-CSF), thereby causing sustained macrophage activation. During a virus infection, if the NK cell response cannot control the virus, T cells become more important, and the increased disease load promotes more inflammatory cytokine production by the T cells which activates more macrophages. Although the macrophages phagocytize infected white blood cells, they are inefficient in killing them. Activated T cells and the abundance of activated macrophage produce more inflammatory cytokines to enhance the inflammation causing more tissue damage even in the bone marrow. In the case of dengue infection, the NK cell activity was significantly increased in the early disease stage, but significantly decreased in the febrile shock stages. [10] In addition, invariant natural killer T (iNKT) cells are known to be activated during acute dengue infection. [11] iNKT cells are polyfunctional, as demonstrated by their ability to proliferate and secrete IFN-g and GM-CSF following stimulation. [12] Further studies are required to better clarify the pathogenesis of HLH-associated with dengue virus infection. Table 2 shows 16 cases of dengue-associated HLH, including the present case. [13] [14] [15] [16] [17] [18] [19] The data was acquired from case reports in PubMed. The average age of the 16 patients was 35.1 years and the survival rate was 75% (12 alive out of 16cases). The youngest patient was 16 years old, and the oldest was 63 years. Eightyseven percent (14 out of 16 patients) of patients were healthy individuals without underlying disease. The 63-year old female was the only patient who had many underlying diseases including Crohn's disease, hysterectomy state (uterine cancer), and chronic renal failure. The 43-year old female in Tans' case had diabetes mellitus with HbA 1C 7.4%. [14] Among the 16 reported cases, dengue-associated HLH was twice more common in female compared to male. As for the ethnicity, there were 7 Malays, 5 Thai, 2 Indians, 1 American, and 1 Korean. With respect to the infection types (primary or secondary), data were available in limited cases. Except for 4 DHF cases, 8 cases were primary, and 4 cases were secondary infection. Also, not all of the data evaluated the serotype of the dengue virus. Many studies found that primary dengue infections could be associated with severe DHF and dengue-associated hemophagocytic syndrome. [13] [14] [15] 20, 21] In the previous studies, primary dengue infection with serotype 1 or 3 and secondary infection with serotype 2 led to severe DHF. [22] Further studies are required to better clarify the relation between dengue-associated HLH and infection types/viral serotypes. Among the 4 fatal cases, underlying disease, multiple organ dysfunction (MOD), old age, dengue secondary infection, late diagnosis, and delayed treatment were related to poor prognosis. MOD is more common Figure 1 . Itchyerythematous rash on trunk, face, and both arms-white islands in a sea of red. Table 1 Diagnostic criteria for hemophagocyticlymphohistiocytosis (HLH). Chung et al. Medicine (2017) 96:8 Medicine in adult than child DHF which signifies the different pathogenesis of DHF between adults and children. [16] Across the decades, switch in the predominant circulating serotype has been related to several dengue outbreaks in endemic areas. [23] At the beginning of 2013, switch from DENV2 to DENV1 caused outbreak in Singapore. [23] In neighboring Malaysia, DENV2 became dominant other than pre-existing DENV3 and DENV4. [23] Considering frequent re-infections and Tan et al [13] Malaysia 16  F  8  6  Primary  NA  Diabetes  MP, IVIG  Alive  7 Tan et al [14] Malaysia 43 F 6 6 Secondary NA None MP Died 8
Tan et al [14] Malaysia 34 M 4 4 Primary NA None MP Alive 9
Tan et al [14] Malaysia 36 F 7 7 Secondary NA None MP Alive 10 Sorakhunpipitku et al [16] Thailand 22 F N/A N/A Not defined NA None Dexa, MP, IVIG Alive 11 Sorakhunpipitku et al [16] Thailand 43 F N/A N/A Not defined NA None Dexa, MP, IVIG Alive 12 Sorakhunpipitku et al [16] Thailand 45 F N/A N/A Not defined NA None Dexa, IVIG Died 13 Sorakhunpipitku et al [16] Thailand 65 M N/A N/A Not defined NA None Dexa, IVIG Died 14 Roy et al [15] India 22 N/A 7 N/A Primary NA None Dexa Alive 15 Srichaikul et al [19] Thailand In conclusion, it would be important to differentially diagnose dengue-associated HLH from severe dengue hemorrhagic fever. Early recognition and initiation of steroid would be crucial for the successful treatment of dengue fever complicated by HLH. Dengue virus needs to be investigated as an important triggering factor for IAHS.
